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69 Apparatus for and method of controliing an internal combustion engine.

@ An apparatus for and method of controlling an internal
combustion engine including means (15; 44) for controlling
fuel supplied from a fuel injector (14) disposed to intake air
passage (5, 6) to the engine in accordance with intake air,
means (14) for supplying additional fuel to the engine, means
(15, 46) for controlling ignition timing of the engine and means
(15; 42, 46) for correcting the ignition timing is disclosed. At
the time of acceleration, additional fuel is supplied to the en-
gine and then, in order to prevent occurrence of backfire or
knock in the engine, the ignition timing is corrected in accord-
ance with the temperature of the engine so that the ignition ti-
ming is more advanced at lower temperature when the temper-
ature of the engine is lower than a predetermined temperature
and more retarded at higher temperature when the tempera-
ture of the engine is higher than another predetermined tem-
perature.
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TITLE OF THE INVENTION:
Apparatus for and method of controlling an internal

combustion engine.

BACKGROUND OF THE INVENTION:

The present invention relates to an apparatus for and
a method of controlling an internal combustion engine, and
more particularly to an apparatus for and a method of
electronic controiling an internal combustion engine which
is possible to prevent occurrence of backfire or knock in
the engine during the acceleration of the engine.

In an internal combustion engine, air-fuel mixture is
supplied to the engine. Air-fuel ratio of the air-fuel mix-
ture is fixed to a predetermined ratio in order to operate
the engine at a higher efficiency. Therefore, it is
neccessary to control the quantity of the fuel supplied to
the engine in accordance with the quantity of intake air
taken in the engine.

When a rapid acceleration of the engine is required,
the air-fuel mixture becomes lean because.the guantity of
the intake air is rapidly increased but the fuel does not
increase so rapidly that the intake air is increased.
Thereby, the engine torgue is often temporarily reduced. As
a result, the rapid acceleration of the engine based on the
requirement of the operator can not be .performed.

For solving this problem, as described in USP
4,363,307, additional acceleration fuel supply is taken
place. That is, additional ruel is supplied to the engine

in addition to the normal fuel supply at a time of rapid

-
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acceleration.

In this additional acceleration fuel supply, it
becomes clear that problems exist when the temperature of
the engine is lower than certain temperature or the tem-
perature is higher than another certain temperature. That
is, when the temperature of the engine is lower than certain
temperature, backfire may occur and when the temperature of
the engine is higher than another certain temperature, knock

in the engine may occur.

SUMMARY OF THE INVENTION:

An object of the invention is to provide an aﬁparatus
for and a method of controlling an internal éombustion
engine which is able to prevent occurrence of backfire or
knock in the engine during the acceleration operation.

As a result of inventers' experiment, it becomes
clear that the occurrence of the back fire and knock in the
engine on an additional acceleration fuel supply is pre-
vented by adjusting a ignition timing in accordance with the
temperature of the engine.

In the present invention, when the temperature of the
engine is lower than a predetermined temperature, the igni-
tion timing is so advanced in accordance with the tem-

perature of the engine that ignition timing is more advanced

~at lower temperature, and when the temperature of the engine

is higher than another predetermined temperature, the igni-

" tion timing is so retarded in accordance with the tem-

perature of the engine that ignition timing more retarded at

higher temperature.
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If the additional acceleration fdel supply is done
when the temperature of the engine is. low, the fuel supplied
to the engine may not be burned completely during the iéﬁi—
tion step or misfire may occur in the engine because thé
burning activity of the fuel is low. °~ Therefore, the exhaust
gas including fuel which has not been burned in the engine
is exhausted from the engine to the exhaust manifold.
Backfire may occur in this con dition. In this invention,
it is given enough time for the ignition step because the
ignition timing is more advanced at low temperature
according to the temperature. Therefore, it is reduced the
possibility that the backfire occurs.

If the additional acceleration fuel supply is done
when the temperature of the engine is high, the fuel
supplied to the engine is -burned quickly when it is ignited
because the burning activity of the fuel is high. . ’
Therefore, power which is against to the motion 6f the
piston is added ﬁo the piSton before the piston has reached
to the upper dead point, thereby knock is occurred. In this
case, the occurrence of the knock is prevented by retarding
the ignition timing according to the temperature of the

engine.

BRIEF DESCRIPTION OF THE DRAWINGS:

Fig. 1 is a system diagram showing an embodiment of
the present invention;

Fig. 2 is a block diagram éhowing an electronic
control circuit 15 in Fig. 1;

Fig. 3 is a flow chart showing the tasks carried out

-
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in the electronic control circuit 15; :
Fig. 4 is a characteristic diagram showing the rela-

tionship between water temperature and correction value of

ignition timing.

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS:

An electronic control apparatus for internal com-
bustion engine according to the present invention will now
be described with reference to the accompanying drawings.

Referring to Fig. 1, the quantities of air taken from
an air cleaner 1 is controlled by a throttle valve 4 which
is provided to a throttle body 2 and linked to an accelera-
tion pedal 3 which is operated by drivers, and then the air
is supplied to a combustion chamber 9 of an internal com-
bustion engine 8 through a surge tank 5, an intake manifold
6 and a intake valve 7. Air-fuel mixture which is burned in

the combustion chamber 9 is exhausted to the atmosphere

- through an exhaust valve 10 and an exhaust manifold 11. A

fuel injector 14 1is provided to the intake manifold 6
corresponding to the combustion chamber 9. It is also
possible to provide a fuel injector to the upstream side of
the throttle valve 4.

An electronic control circuit 15 is being comprised a
micro processor as a calculating circuit, read only memory
(ROM), réndom access memory (RAM) and - input-output appara-
tus (I/0 port). The electronic control circuit 15 receives
input signals ffom idle switch 16 detecting closing state of
the throttle valve 4, a water temperature sensor 18 being

fixed to the water jacket 17, a hot wire type air flow meter



10

15

20

25

Ss- 0133998

19 for measuring the quantities of the intake air, intake
air temperature sensor 20 for detecting the temperature of
the intake air, a rotation angle sensor 23 for detecting a
rotation angle of a distributor 33 connected to a crank
shaft (not shown) in order to detect 'the rotation angle of
the crank shaft connected to the piston 21 through a con-
necting rod 22, ignitioh switch 24 and starter switch 25.

The rotation angle sensor 23 is composed of a posi-
tion detector 26 which generates pulses at every two rota-
tion of the crank shaft and an angle detector 27 which
produces pulses at every predetermined crank angle, for
example, 30°.

Fuel is pressurized by a fuel pump 31 and transmitted
from a fuel tank 30 to the fuel injector 14 through fuel
pasage 29. The_electronic control circuit 15 calculates
quantities of the fuel injection and fuel injection.timing
and sends the fuel injection pulses to the fuel injector 14,
and calculates ignition timings and sends current to the
ignition coil 32. Secondary current of the ignition coil 32
is sent to the distributor 33 and distributed to each igni-
tion plug which is provided in the combustion chamber 9
through the distributor 33.

Fig. 2 shows a block diagram of the electronic
control circuit 15. The outputs of the water temperature
sensor 18, the air flow meter 19 and £ﬁé intake air tem-
perature sensor 20 are sent to an A/D converter 34 and con-
verted to digital signals. A rotation detecting circuit 35

includes a gate which is opened or closed by pulses sent
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from the angle detector 27 of the rotation angle sensor 23
and a counter which counts clock pulses sent from a clock
pulse generator 36 through this gate, a value which is in
inverse proportion to the number of the rotation is
generated as an output of the counter.

The outputs of the idle switch 16, the ignition
switch 24, the starter switch 25 and the position detector
26 of the rotation angle sensor 23 are temporarily stored in
a latch circuit 37. The micro processor 40 is connected to
the ROM 42, the RAM 43, the A/D converter 34, the rotation
detecting circuit 35 and the latch circuit 37 through a buss
line 41 and calculates the quantities of the fuel to be
injected under certain program. Values which are in propor-
tion to the quantities of the fuel to be injected are
memorized in a fuel injection control circuit 44. An output
pulse of the fuel injection control circuit 44 is fermea
when the memorized wvalue coincides.with the cloek pulse and
then the output pulse is sent to the fuel injector 14
through driving circuit 45.

In this arrangement; an acceleration operation is
described based on Fig. 3. Iﬁ Fig. 3, whether it is acce-
leration condition or not is determined at a step 50. If it
is not acceleration condition, normal operation is taken
-place. If it is acceleration condition, additional fuel to
be injected is calculated and then additional acceleration
-fuel supply is done at a step 52.

Next, at a step 54, an correction value is Aetermined

from a ignition timing correction map and which is in accor-
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dance with the temperature of the enginé. it is preferable
that the relationship between the temperature of the engine,
that is, the water temperature and the correction value is
determined according to the characteristic diagram shown in
Fig. 4. 1In the case that the water temperature is lower
than a predetermined temperature, that is, 40°C, the correc-
tion value is that advanced according to ‘the water tem-
perature but the advanced value is limited to at most 20°.
On the other hand, when the water temperature is higher than
another predetermined temperatu?e, that is, 80°C, the
correction value is that retarded according to the water
temperature but the retarded value is limited to at most
10°. The correction map is stored in the ROM 42. BAnd, at a
step 56, the correction value is added to the base wvalue of
the ignition timing at that time and then the corrected
ignition timing transmitted to the ignition coil is'deter—

-

mined.

Now, the acceleration operation will be described////
-

referring to Fig. 2. The acceleration condition %§///
detected, for example, when changes of the intaE; air flow
which is detected by the air flow meter 19 are more rapid
than a predetermined value. If the acceleration.condition
is detected, a signal is transmitted to the fuel injection
control circuit 44, an additional pulse is transmitted from
the fuel injection control circuit 44 £6 the fuel injector
14, and then additional fuel is injected from the fuel

injector 14. On the other hand, the acceleration signal is

transmitted to the ignition timing control circuit 46, the

LI
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correction value of the ignition timing:is determined
according to the ignition timing correction map stored in
the ROM 42 in accordance with the water temperature signal
detected by the water temperature sensor 18, and then the
ignition pulse of the corrected ignition timing which is
gotten by adding the correction value to the base value is
transmitted from ignition timing control circuit 46 to the
ignition coil 32 through the driving circuit 47.

By this arrangement, it can be prevented to occur
backfires at low temperature of the engine and knock at high
temperature. Therefore, good acceleration of the engine is
performed in accordance with the acceleration requirement of

the operator.
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WHAT IS CLAIMED IS:
1. An apparatus for controlling an internal combustion
engine, comprising:

(15; 44) : .
a fuel control means/¥or controlling fuel supplied

from a fuel injector disposed to lntake air passagg/tg)sald
engine in accordance with intake air taken in said engine;

an additional fuel supply meané}%%r supélylng addi-
tional fuel to said engine at a time of acceleration of said
engine;

(15; 46)

an ignition timing control means/for controlling

ignition timing of said engine; and
(15; 42, 46)

an ignition timing correction means/for correcting
the ignition timing when said additional fuel supply means
has supplied the additional fuel, wherein the ignitiqn
timing is so corrected in accordance with the témpefature of
said engine that the igniting timing is more advanced at
lower temperature when said temperature of said engine is
lower than a predetermined temperature.
2. The apparatus for controlling an internal combustion
engine according to Claim 1, the temperature of said engine
is detected by detecting water temperature of said engine.
3. The apparatus for controlling an internal combustion
engine according to Claim 1, in said ignition timing correc-
tion meéliﬁqghéu?gnltlon timing is so corrected in accor-
dance with the temperature of said engine that said ignition
timing is more retarded at higher temperature when the tem-

perature of said engine is higher than another predetermined

temperature which is higher than the predetermined tem-
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perature.
4. In a method of controlling an internal combustion
engine including a fuel control means for controlling fuel
supplied from a fuel injector disposed to intake air passage
to said engine in accordance with intake air taken in said
engine, an additional fuel supply means for supplying addi-
tional fuel to said engine, an ignition timing tontrol means
for controlling ignition timing of the engine and an igni-
tion timing correction means for correcting said ignition
timing,

said method of controlling said internal combustion
engine comprising the steps of:

v‘ supplying additional fuel at the time of accelera-

tion; and

correcting the ignition timing in accordance with the
temperatufe of said engine when the additional fuel is
supplied so that ignition timing is more advanced at lower
temperature when the temperature of said engine is lower
than a predetermined temperature.
5. The method of controlling an internal combustion
engine according to Claim 4, said correcting step further
includes the step that the ignition timing is so retarded in
accordance with the temperature of said engine that the
ignition timing is more retarded at higher temperature when
the the temperature of said engine is higher than another
predetermined temperature which is higher than the predeter-

mined temperature.
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